Introduction
In support of the U.S. National Small-Angle Neutron Scattering (SANS) Facility,1 we developed a large-area (65 cm x 65 cm), position-sensitive proportional counter (PSPC) camera with RC encoding2 which measures the spatial coordinates of individual thermal neutrons scattered from a sample. An engineering model of the camera was installed and tested at the SANS Facility. A second PSPC is being constructed. The large active area of these PSPCs was necessary to match the requirements for good angular resolution of the SANS Facility, and the RC encoding method was chosen for simplicity of construction and good spatial resolution capabilities.
Previous experience with RC encoded PSPCs had been limited to smaller PSPCs of less than 25 cm x 25 cm active area; therefore, the main objective of this development was to determine whether the RC encoding parameters and construction methods would scale well for large area PSPCs. Also, a generalized method was developed to calculate the gas multiplication and bias voltages for multiwire proportional counters based on Diethorn's formula. 3, 4 Description and Specifications of the Neutron Camera
SANS Facility
The camera is one of the functional components of the 30-m, SANS Facility ( Fig. 1) 
Camera Requirements
The camera is composed of three main parts: the PSPC, the analog signal processing system, and the digital data acquisition system, which has been pub- Counter gas. 63% 3He, 32% Xe, and 5% C02 at 3 x 10 Pa abs. 3He was chosen over 1OBF3 because it is safer to handle and is noncorrosive. The detection efficiency of 3He is6 n = 1 -exp (-c X p1t), where c = 7.25 x 10 , A is the neutron wave length, nm; p1 the 3He pressure, Pa; and t the thickness of the active volume, cm. For n = 0.9, X = 0.475 nm, and t = 3.6 cm, the required partial pressure of 3He in the PSPC is %2 x 105 Pa. The radius of the charge centroid sphere2 for the proton-triton tracks resulting from the detection of a neutron in 3He must be <0.5 cm to meet the spatial resolution requirement. This requirement is met by the addition of Xe-CO2 mixture at 105 Pa to the 3He gas to reduce the proton track length (the main contributor to the centroid radius) to %0.35 cm. (The CO2 is added for ultraviolet radiation quenching.) Consequently, the partial pressures of the gas mixture are 3He = 1.9 x 10 Pa, Xe = 0.9 x 10 Pa, and C02 = 0.2 x 105 Pa. 
PSPC Mechanical Design
Basically, the PSPC is a scaled up version of the proportional counter photon camera of ref. 7 . The mutually parallel anode and cathode wire planes are strung on three individual frames stacked inside the counter gas volume (Fig. 2 ) so that the wires of the front cathode (closest to the entrance window) are parallel to the anode wires and the wires of the back cathode are orthogonal to the anode wires. This set of frames is mounted inside the aluminum counter body, which is closed and sealed by an aluminum entrance window. One of the main problems of this design, containing the PSPC gas at Q3 x 105 Pa using a flat, <2-cm-thick aluminum disk, is solved by using an 0.8-cm-thick flat window but adding a buffer volume filled with 4He at the same pressure as the PSPC gas. This buffer gas, which is, for all practical purposes, transparent to the 0.475-nm neutrons, is contained by a pressure-vessel flanged disk of x.l cm thickness. The curved surface structure is of no consequence to the PSPC operation because this surface is not --as is the entrance window --an electrode of the proportional counter.
The preamplifiers and bias circuits are housed in three separate, sealed boxes, each aerated at atmospheric pressure to avoid operation in vacuum and to cool the preamplifiers. The connecting cables to the electronics and drive motor and the air supply hoses are attached to and guided by an articulated cable carrier (Fig. 1, J) to provide a flexible, yet reliable connection between the movable PSPC and the signal processing and control units outside the vacuum flight path. To assure long-term (several years) purity of the counter gas, a purifier containing a molecular sieve is connected permanently to the PSPC. The connecting tubes of this unit can be heated when needed to accelerate the convective flow of counter gas through the purifier.
Position Encoding and Bias Circuits
The method of RC position encoding described in detail in ref. eV is the energy converted to create one electron-ion pair in the counter gas, q = 1.6 x 10 19 C is the charge of an electron, and E = 760 keV is the total energy converted to ionization for each thermal neutron detected in 3He.
The anode-to-cathode bias voltage V2 required for the value M = 113 is calculated using the procedure outlined in the Appendix. For the virtual, cylindrical counter (Eq. A3), the bias voltage is V1 = 663 V with (Eq. A2). Since the separation between the entrance window and the front cathode is %2.1 cm (Fig. 2) , a cathode bias voltage V 3800 V (Eq. A6) is required to meet the conditions assumed in the Appendix. However since the electron drift velocity reaches a saturation value at a field strength of %300 V/cm and since the cathode wire quantization does not affect the resolution, the PSPC is operated at lower bias voltages, i.e., cathode bias V = 600 V and anode bias V = 2700 V (Eq. A7). c
Analog Decoding System
The analog decoding circuit (Fig. 3) is composed of two position decoders, one for each coordinate, and an energy-loss and pulse-shape discriminator. Each decoder (Fig. 4) Fig. 3 . The x, y position coordinates of each detected neutron are decoded independently from the four cathode outputs. The energy-loss and pulse-shape discriminator detects background signals which inhibit the decoders.
FRONT OR REAR CATHODE OUTPUTS voltage in response to a variation in At. The gain of the data acquisition system is set at GD = 14 channels/ V so that the total gain of the decoding system is G = GAGP 14 channels/ps.
The purpose of the energy-loss and pulse-shape discriminator9 is to reject all detected events that have amplitude and/or risetime signals different from those of the thermal neutrons. For all acceptable events, this discriminator generates a gate output, which is a coincidence requirement for the position decoders to process a signal.
Experimental Results
Because the camera was installed only recently at the SANS Facility, only preliminary test results are available. These results are concerned mainly with the calibration and specifications of the camera; future reports will include more-detailed experimental results.
The following set of test data was measured with an applied bias voltage of 2.7 kV, which resulted in an anode-to-cathode bias of V2 = 2.1 kV and a drift region field of Ed = 300 V/cm. (The filter amplifier time constant was set at T = 3 ps.) 1 
With the total decoder gain set at G = 15.9 channels/ps for the front cathode and G = 13.7 y channels/ps for the rear cathode, a uniform sensitivity ST = 1 channel/cm is obtained in both coordinates.
2. The spatial uncertainty is <1 cm (fwhm) for thermal neutrons.
3. The signal processing time is <10 ps per detected neutron; thus, the count-rate capability of the camera is >104 neutrons per second, with <3% coincidence loss.
4. The amplitude resolution is %30% (fwhm) for the pulses resulting from the detection of thermal neutrons.
5. The integral nonlinearity is <2% of the cathode length (X1.2 cm).
6. The differential nonlinearity, i.e., the maximum change in sensitivity, is <12% of the average sensitivity.
7. The background count rate not rejected by the energy-loss and pulse-shape discriminator is <13 count-s per second uniformly distributed over the total active area (equivalent to 0.2 count per minute per picture element).
Appendix
Relationship of the Gas Amplification Factor and Bias Voltages for Multiwire Proportional Counters
The gas amplification factor for position-sensitive proportional counters is generally determined from the spatial resolution requirements, energy loss of the detected particles or photons, and specific ionization of the counter gas.2 This gas amplification factor is related to the anode-cathode bias potential difference by Diethorn's formula,3 which, however, is applicable only to cylindrical cathode counters. This appendix presents a practical method, based on Diethorn's formula, to extend its application to multiwire proportional counters (MWPCs).
A typical MWPC (Fig. 5) is bounded by two ground planes enclosing three multiwire structures: the anode grid plane sandwiched between two cathode grid planes. All these planes are parallel and symmetric about the anode plane. Generally, the distance between the anode and cathode planes is d > b, where b is the spacing between adjacent anode wires. The distance between the ground and cathode planes (h) is selected on the basis of detection efficiency and parallax distortion specifications. The bias potentials are V for the anode wires, V for the cathode wires, and V for the ground planes. The MWPC is referred to a Cartesian coordinate system; the anode grid is in the y = 0 plane, and one, arbitrary anode wire is on the z axis. We make the following assumptions:
1. Each anode wire operates as an independent, cylindrical proportional counter in the region a < r < 10a because in this region the radial field is Er -h/r [a is the anode wire radius, and r = (x2 + y2)1/2 is the radial variable]. 
where AV (in V) and K (in V/atm cm) are constants related to the counter gas mixture,4 Pt is the counter gas pressure (in atm), and a is the anode wire radius (in cm). ,,,,,,,,,,,,,,,,,,,,,,,F,,Z,,, 
